Stream dwelling invertebrate populations are facing an ample array of stressors including the habitat imbalance caused by important floods. In this research we used a novel way to estimate the impact of floods upon the substrate, by utilising a remote variable named "flash-flood potential" (FFP), which accounts for the site slope and the average slope of the upstream catchment. The results showed that certain groups are sensitive to the influence of the FFP whereas other are not. We propose this remote variable as a surrogate for assessing stress imposed by floods and sediment scouring for lotic macroinvertebrates. RÉSUMÉ: Influencia de inundaciones repentinas en la distribución de comunidades de macroinvertebrados en ecosistemas lóticos.
INTRODUCTION
Natural and/or anthropogenic significant events influence continuously the aquatic biota presence or absence, distribution and zoogeography, and ecological status (Resh et al., 1988; Bailey et al., 1998; Staicu et al., 1998; Lake et al., 2000; Anastasiu et al., 2017; Marić et al., 2017) .
Infrequent, severe flood events have a direct negative impact upon most freshwater invertebrates, especially when associated with debris flow (Palmer et al., 1996; Relyea et al., 2012) and lack of suitable shelters and refuges (Culp and Davies, 1983; Townsend and Hildrew, 1994 ). However, floods induce different responses in different taxa. The larvae of freshwater insects are usually more affected compared to other type of invertebrates, although communities can be re-established afterwards through aerial colonisations (Tronstad et al., 2007) . On the other hand, invertebrates with a complete aquatic life cycle (non-insects) need a longer period to re-colonise streams after major flood events (Wallace, 1990) .
Besides dislodging invertebrates from substrate, another major stress imposed by high flows is the quantity of fine sediments carried downstream (Jones et al., 2012) . Following the aftermath of mid-high-power floods, the invertebrate communities are hampered by space availability in both benthic and hyporheic habitats (Dole-Olivier, 2011). As such, different types of macroinvertebrates prefer various types of substrates: oligochaetes (Armitage, 1995) and chironomids (Dudgeon, 1994) are generally associated with fine sediment deposition, whereas other groups of invertebrates cannot withstand intrusion of small particles because of the detrimental effect on dissolved oxygen intake and hence, respiration (Eriksen, 1966; Lemly, 1982) . At the other end of the spectrum, erosional, coarser deposits are usually inhabited by a higher frequency of mayfly, stonefly and caddisfly larvae due to a higher availability of dissolved oxygen in substrate (Nebeker, 1972; Wiley and Kohler, 1980; Williams et al., 1987) , whereas amphipods and ceratopogonids tend to inhabit fissured and depositional zones (Pennak, 1989; Merritt and Cummins, 1996; Weigel et al., 2003; Kley et al., 2009 ).
To overcome the knowledge gap induced by the combination of several detrimental events associated with floods, a new variable, named "flash-flood potential" (FFP) was proposed to estimate the impact of irregular high flows upon substrate availability and hence of the invertebrate community stability in streams (Pârvulescu et al., 2016) . The FFP accounts for the site slope and the average slope of upstream basins and proved to be a good indicator for assessing the spatial distribution of different size-classes of crayfish in rivers (Pârvulescu et al., 2016) . This study goal was to test how this variable predicts the occurrence of various groups of macroinvertebrates inhabiting lotic systems covering a wide variety of catchments slopes within Romania. The taxonomic resolution used was undertaken at a very coarse level (order, class or higher) for two reasons. First, previous studies investigating the effects of floods and substrate availability in shaping invertebrate community structure in streams recognised that major differences within various groups of aquatic invertebrates take place at coarse taxonomic levels (e.g. usually order for insects or even higher for other groups like oligochaetes and nematodes), and that lower taxonomic resolution requires supplementary efforts that does not always bring any significant improvements to the observed patterns (Warwick, 1988; Bowman and Bailey, 1997) . Second, such an approach would allow ecologists and local stakeholders, less trained in taxonomy, to assess the impact of detrimental abiotic events on river ecosystems, like floods and sediment scouring potential (Statzner and Beche, 2010) . Identification to lower taxonomic levels can be time consuming and therefore expensive and often does not clarify community responses to stressors (Bonada et al., 2006) .
MATERIAL AND METHODS
The dataset employed in this study was obtained by field investigation of 408 rivers sites selected in Romania during the summer season (July-August) between 2009 and 2015 ( Fig. 1 ). The geographical position of each site was recorded with a Garmin GPS receiver (Garmin Ltd., Lenexa, Kansas, United States).
The invertebrates were sampled by employing kick net sampling standard protocol using a standard one mm mesh pond (hand) net (Storey et al., 1991) .
Following sampling, the content was transferred in sealed plastic recipients, preserved with 4% formalin solution and further identified in the laboratory to coarse taxonomic resolution (order or higher).
FFP was calculated as the product of two land-surface variables, namely slope gradient (G) and catchment slope (CS). Both variables were derived from a 90 m SRTM DEM (http://srtm.csi.cgiar.org). G was computed in a standard 3 X 3 neighbourhood. This variable estimates local declivity, thus accounting for the potential water velocity at a given site. CS was computed as follows: for each cell, G was calculated and then accumulated downslope (for the entire area that drains towards a cell, not only for the river beds itself). Then, the value of accumulated slope for each cell was divided by the catchment area of that cell (http://www.saga-gis.org/en/index.html). CS estimates the average gradient of a surface that drains towards a given site, thus accounting for the potential of flash-floods and their associated disturbing effects as a consequence of heavy rain falls. Therefore, FFP estimates, the potential for disturbance in streams, by taking into account the potential drainage velocity both upstream and at the site. For further details, we refer readers to Pârvulescu et al. (2016) .
Statistical analysis
The values employed in statistical analyses were the relative frequencies of each taxonomic group and logarithmic values of FFP. It was considered a limiting response model (Lancaster and Belyea, 2006) , using log-linear regression to describe the rate of change with respect to FFP near the upper boundary of the conditional distribution of invertebrate's frequencies. Therefore, we focused on modelling the distribution of the response at the 90th percentile (τ = 0•9). Each taxonomic group was tested using quantile regression, followed by the goodness of fit with the observed pattern with the aid of the Wald test (Tab. 1). We have focused on log-linear models because of monotonic response expected for invertebrates to FFP variation (Pârvulescu et al., 2016) . All tests were undertaken in XLSTAT version 2010 package.
Classification and regression trees (C and RT) were employed in this study, aiming for the identification of potential response and to predict an optimum value of frequency occurrence of different groups of invertebrates for different classes of FFP. Despite the difficulty in the interpretation of large trees, there are obvious advantages provided by different responses: the invariance to transformation of variables, simplicity of models and ease in managing missing values (De'ath and Fabricius, 2007) . In our case, the predictive variable was the FFP (Tab. 2). Other advantages of this method are the simple graphical representation which is an upside down branching tree with nodes based on the value of one or more explanatory variables (Moldovan et al., 2013) . The parent node is split into child nodes and they become, in turn, parent nodes unless they are terminal nodes (De'ath, 2002) . In this study, C and RT's were used to build predictive models for the presence and optimum frequencies of invertebrates at different classes of FFP. The Chi-squared Automatic Interaction Detector (CHAID) technique (Kass, 1980 ) was used to construct trees where each node represents a split that yields optimum prediction for the targeted invertebrate species (Tab. 2). This way, the optimal frequencies for several classes of FFP are estimated for each taxonomic group (De'ath, 2002) . Therefore, CHAID builds trees with more than two branches attached to a single node, based on an algorithm which in turn is based on chi-square tests. The decision trees were developed within XLSTAT Version 2010 package and interpreted at 5% significance level. For more detailed information about the usefulness and criteria of this method see Pacioglu et al. (2016) .
RESULTS
The FFP values used in this survey varied widely (between 0-8, Fig. 2 ), covering a large range of river morphologies and topographic slopes, ranging from steep mountain valleys to lowland rivers with very small slopes, and hence reduced FFP values ( Fig. 1 ). The invertebrate fauna was classified into very coarse taxonomic groups (usually order) to support the testing hypotheses. Groups with a mean frequency across all sites below 5% were excluded from analysis (e.g. aquatic isopods, flatworms, and water bugs). For most invertebrate groups, the quantile regression models showed that FFP is an important factor influencing their frequency in samples (Tab. 1). The coefficients for the 90th percentile regression functions can also be found in table 1 . The main groups of tested macroinvertebrates responded differently to FFP variation (Fig. 2) . Whilst the general trend of most groups was a decrease of their frequencies in samples directly with FFP values, there were a few exceptions, which either showed no direct response (e.g. Diptera and Odonata larvae; Tab. 1, Figs. 2d and 2l ) or a slight increase of their frequency with FFP (e.g. stoneflies; Fig. 2b ).
The explanatory variable in the C and RT analysis was the FFP. The full result of this analysis is summarised in table 2 as a list that yields the highest probability to obtain an optimum frequency for different groups of macroinvertebrates, using kick sampling method, for different classes of FFP. The variation of FFP was divided in classes as a direct consequence of node splits in regression trees by the CHAID technique (Tab. 2). According to results from table 2 and the general trend of nonlinear regressions (Fig. 2) , the mayflies and caddisflies larvae, water beetles, oligochaetes, aquatic snails, mussels, and water mites decreased their frequency in samples with increasing FFP values. However, the general decline of various groups directly with FFP values, although nonlinear, encountered a slight increase at mid-level classes of FFP for stoneflies, amphipods and nematodes (Tab. 2). The FFP classes where these groups registered an increase of their frequencies varied widely, from within a narrow range of (4.8-5.6) for stoneflies, up to (3.6-5.6) for amphipods and (1.9-5.1) for nematodes (Tab. 2). Other groups, like Diptera and Odonata larvae, were apparently unaffected by FFP variation (Tab. 2, Fig. 2 ). The tendency for the former group was a slight increase in frequency with FFP values, whereas the latter provided an inconsistent variation with floods risk (Tab. 2).
DISCUSSION
The application of C and RT's analysis allowed us to estimate the optimum values for occurrence of different groups of invertebrates to different classes of FFP. Previously, this analysis was successfully employed to assess the water quality of aquatic habitats pollution with metals, eutrophication and impact of land use by using invertebrates as bioindicators Groups like mayflies, caddisflies, aquatic snails, mussels, oligochaetes, water mites, and water beetles decreased their frequency directly with the FFP. Although these groups (as many others) are capable of re-establishing viable population through aerial colonisation (e.g. insects and their associated water mite species), upstream migration or from the underneath hyporheic zone (Wallace, 1990 ; Dole-Olivier, 2011), it seems that the availability of coarse sediments usually associated with high FFP values (Pârvulescu et al., 2016) is not enough to overcome the steepness of slopes and the associated risks for washout during rainy seasons. The implementation of this index within the Romanian territory showed a high correlation not only with the steepness of slopes, but equally with water velocity (Pârvulescu et al., 2016) . Although certain groups of mayflies (e.g. the heptageniids) and caddisflies (e.g. some rhyacophilids and hydropsychids) are generally associated with well oxygenated, high water flows (Armitage, 1995; Pîrvu and Pacioglu, 2012) , their frequency, because of their large size, makes them less frequent in rivers with steep slopes as opposed to other groups of invertebrates. The molluscs are not great swimmers, nor equipped with special morphological adaptations like certain insect larvae to withstand the pressure induced by high flows (Kappes and Hasse, 2012) . The sensitive nature of mussels makes them vulnerable to natural disasters, but their recovery is assured by the parasitic nature of their larvae on highly mobile fish (Vaughn, 2012) .
Water beetles dwelling in rivers are usually associated with low-flow environments (Extence et al., 1999) , characterised by small FFP values. The only notable exception (rifflebeetles), associated with high-flows and steep slopes (Extence et al., 1999) , are still very vulnerable to spates (Elliott, 2008 ) and this could be another reason for their low frequency at high FFP values. The oligochaetes are known to have an affinity for fine sediments, either in benthic or hyporheic zone (Jones et al., 2012) , therefore the use of interstitial milieu as refuge during floods (Dole-Olivier, 2011) may not be the most straightforward explanation for the observed pattern, but rather their preference for fine organic matter trapped in fine deposited sediments (Pacioglu et al., 2012) and hence their preference for lower FFP values. The water mites comprise a wide range of species, some of which are well adapted to high water speed and can prove very good swimmers (Di Sabatino et al., 2010) . However, their preference for low FFP values may be a caveat associated with the sampling design. Because of their small size, the water mites usually belong to meiofauna (63-500 µm length; Rundle, 1990) ; therefore the probability of being trapped with the usual mesh size of hand nets used in this survey (one mm) was greatly reduced, underestimating their real abundance in river habitats.
Three other groups, the amphipods, nematodes and stoneflies registered their highest percentage in samples at intermediary levels of FFP. Although the macroinvertebrate communities are considered to be highly sensitive to environmental changes (Pârvulescu and Hamchevici, 2010; Milner et al., 2013) , it has been equally shown that high species abundance was associated with moderate/intermediate disturbances (Reice et al., 1990) . Connell (1978) suggested that at an intermediate level of disturbance there will be sufficient time for colonisation by a wide variety of species, and that some of them can obtain the highest densities in such environmental conditions. The amphipods (due their high borrowing capacity), nematodes, and stoneflies (due their slender body shape) usually dwell in the hyporheic zone (Danielopol, 1989) . Therefore, one possible explanation for their distribution is that at moderate levels of FFP, the interstitial habitats may prove a suitable refuge against high flows, as opposed to the aforementioned groups of invertebrates.
Other groups of organisms (Diptera and Odonata larvae) must be used cautiously in the attempt to describe the influence of FFP on their distribution, because they represent either extremely abundant taxa (Diptera) or their samples are infrequent (Odonata). The Diptera larvae (dominated by chironomids) are extremely abundant in streams and rivers worldwide and therefore their use as indicators of potential for wash out is unsuitable. The Odonata comprise families with a wide variety of flow and type of sediment preferences (Extence et al., 1999) and their usual big size compared to other invertebrates could be another reason for their rarity and consistent low percentage in samples, precluding any inference over the effect of FFP. The same lack of response was noticed for other important groups, like aquatic isopods, flatworms, and leeches, which because of low frequencies in samples (< 5%) prevented any meaningful response to FFP variation, according to both C and RT analyses and nonlinear regressions (data not shown).
The coarse taxonomic level undertaken in this study consists with the patterns observed in other studies, which discovered that data aggregated to phylum-level were at least as well correlated with environmental stressors as those based on species identifications (Bowman and Bailey, 1997) . Another important cost factor related to the level of taxonomic resolution needed in lotic invertebrate surveys resides in the low number of trained specialists in aquatic invertebrate taxonomy available in laboratories (Bonada et al., 2006) . So far, different levels of taxonomy have been used in lotic invertebrate bio-monitoring (family, genus, and species), a fact that has been widely discussed in the context of costs and achieved accuracy and precision of the information associated with these taxonomic levels (Lenat and Resh, 2001; Schmidt-Kloiber and Nijboer, 2004) . Therefore, in this context, the FFP can prove a useful method for environmentalists less trained in the cumbersome taxonomy of different groups of freshwater invertebrates, requiring only general skills for differentiating general groups of invertebrates in samples taken with a hand net. Another important benefit of this method is that it does not need costly travel costs generally related to routine monitoring programs (the FFP can be calculated solely based on the GPS coordinates of the site) and it is applicable to any scale, a major detail in current ecologic researches with a principal focus on general patterns occurring at large geographic gradients.
CONCLUSIONS
We conclude that the C and RT method can be used to assess the response of invertebrates from rivers to FFP. It is relatively easy to use (De'ath and Fabricius, 2007; Moldovan et al., 2013) and can therefore indicate optimum frequencies of specific groups of organisms that are sensitive to a given class of FFP and that can mirror the synergic combination of stressors, like potential for dislodging and indirectly of sediment structure and potential for refuge against high flows. This study was conducted on 408 sites, therefore covering a wide range of FFP values within the Romanian national territory.
Preliminary test of this variable can therefore prove to be a reliable basis for further research in describing the potential that it has in combinations with other stressors affecting freshwater life in streams and rivers.
